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Summary

Age is the greatest risk factor in Alzheimer’s disease (AD) and Parkinson’s 
disease (PD). Indications of a female bias in AD and of a male bias in PD 
have been often discussed but are not definitive. Moreover, evidence that 
estrogen replacement may be beneficial for AD and PD is also controversial. An 
unevaluated factor is how aging and cumulative estrogen exposure may modify 
brain responses to estradiol. Rodent models show that sustained exposure to 
estradiol can desensitize certain neuroendocrine responses.

Introduction

This review addresses the controversies in Alzheimer’s disease (AD) and 
Parkinson’s disease (PD) that concern sex differences and estrogen replacement 
therapy (ERT). In this essay, we prefer to use the term sex differences rather 
than gender differences : the latter, while deriving from effects of genes on sex 
chromosomes, is also strongly influenced by the individual’s self-representation. 
First, we consider evidence on sex differences in AD and PD. Next, we briefly 
review the state of ERT in relation to AD and PD. Third, we consider how 
biological aging may be important in evaluating animal model studies of ERT, 
with recent examples as well as early work from our laboratory.

Age and sex in AD and PD

Age is the greatest risk factor in both AD and PD, this much is clear.  Currently, 
the overall incidence and prevalence are better documented for AD than for PD. 
Both diseases are rare before the age of menopause.
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Dementia associated with AD is rare (<1%) before 60. Subsequently, the 
prevalence of dementia doubles about every five years and reaches the range 
of 5-50% by 85 years (Kawas and Katzman 1999; Kukull et al. 2002; Mayeux 
2003; Suthers et al. 2003). This surprisingly wide range may be due to two 
major factors: heterogeneity within and between population (sociodemographic 
differences such as ethnicity, education, and income) and criteria for diagnosis.  
The dementia in AD can arise without stroke or cerebrovascular pathology (the 
“pure” cases). However, cerebrovascular-derived neuropathology (infarcts 
and lacunes) frequently co-exists with AD neuropathology in the same brains.  
For example, a large series with neuropathologically diagnosed AD had a 48% 
frequency of cerebrovascular pathology, versus 33% in non-AD brains (Jellinger 
and Mitter-Ferstl 2003). Hypertension is an important factor in stroke, varying 
widely between populations.

A general impression of female bias in dementia and AD is being challenged 
by better data on incidence and prevalence. Incidence refers to the frequency of 
new cases, whereas prevalence refers to the total number alive. Recent studies do 
not support early indications that women are at higher risk for dementia and AD 
than men (e.g., Kukull et al. 2002). Moreover, in Down’ syndrome, males have a 
three-fold higher risk of dementia than females (Schupf et al. 1998), as discussed 
below. According to some studies, the greater prevalence of dementia in the 
general population of older women is mainly attributable to women’s greater 
life expectancy, which at age 70 is about three years longer than for men in the 
industrial countries (Suthers et al. 2003). For example, at age 70, US women 
averaged 1.7 years with cognitive impairment, about 50% longer than the 1.1 
years for men. This differential is compounded by the greater life expectancy of 
women at this age.

PD is about 90% less prevalent than dementia, but difficulties in diagnosis 
are well recognized (Tanner et al. 1997). Before 60 years of age, the prevalence 
of PD is <0.1%. Rapid increases after age 60 reach a prevalence of 1-3% by 85 
years of age (de Rijk et al. 2000; Mayeux 2003; Tanner et al. 1997; Van Den Eeden 
et al. 2003). A male bias is found in many studies (Dluzen 2000; Horstink et 
al. 2003; Tanner et al. 1997; Van Den Eeden et al. 2003), but not in all  (de Rijk 
et al. 2000; Diamond et al. 1990; Tanner et al. 1997). The sex effect may vary 
ethnically. In a large series from Kaiser Permanente, sex differences were absent 
in Asian/Pacific Islanders, whereas white, blacks and Hispanics showed a two-
fold male bias (Van Den Eeden et al. 2003). Other studies also found ethnic 
differences (Mayeux 2003; Mayeux et al. 1995). We provisionally conclude that 
sex differences in AD and PD are smaller than population differences.
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Menopause and estrogen replacement

The risks and benefits of estrogen replacement after menopause are hotly 
controversial. We must keep in mind the extreme case of Mme. Jeanne Calment, 
who achieved the greatest documented human life span of 122 years, yet was 
considered to be neurologically healthy. At 118 years of age, Mme Calment 
tested for neuropsychological performance in the range expected for a healthy 
80-year-old (Ritchie 1995). Although no specific tests were given, major motor 
impairments or Parkinsonism could hardly have escaped notice because of 
the great attention she received. Assuming a typical age at menopause, Mme 
Calment lived 70 years in the absence of estrogens, with at least 50 of those years 
in good physical health. Mme Calment’s extraordinary life history cannot be 
generalized. We do not know whether her uniquely robust constitution also 
protected her from the effects of postmenopausal deficits that manifestly afflict 
a substantial fraction of older women.

In contrast to the example of Mme Calment’s apparent insensitivity to 
menopausal estrogen deficits are the clear effects of menopause on cognitive 
decline in Down’s syndrome. As is well known, trisomy chromosome 21 causes 
very early onset of AD neuropathology in most Down’s patients’ brains by age 30. 
However, there are huge individual differences in the onset of cognitive decline, 
and only a subset of patients show clinical declines (Lott and Head 2001). Of 
great interest is the finding that early menopause (before age 46) increased the 
risk of dementia by 2.7-fold (Schupf et al. 2003; Fig. 1). Demented female Down’s 
patients had higher serum sex hormone binding globulin but similar total serum 
estradiol concentrations. This finding suggests that reductions in free estradiol 
are a specific factor in the onset of dementia. However, the full explanation 
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Fig. 1. Early menopause 
increases the risk of dementia 
by 2.7-fold (Schupf et al. 2003).



is likely to be more complex, because male Down’s patients have a three-fold 
higher incidence of dementia overall than do females (Schupf et al. 1998).

Estrogen replacement therapy is highly controversial in relation to AD and 
vascular dementia. On one hand, numerous post hoc observational studies 
are consistent in citing the benefits of long-term ERT in reducing the risk 
of dementia (Paganini-Hill and Henderson 1994; Breitner and Zandi 2003; 
Lamberts 2003; Sherwin 2002). The benefits of ERT may also extend to stroke 
(Wise 2002). One of these studies is the Cache County (Utah) observational 
study of all drug use and dementia, which showed a duration-dependent 
benefit in women who, in the majority, were taking only estrogen (not ERT plus 
progesterone; Breitner and Zandi 2003). More than 10 years of ERT provided 
the greatest risk reduction.  Animal model studies also generally show benefits 
of estrogen (Sherwin 2002; Wise 2002). In contrast, an interim report on the 
Women's Health Initiative Memory Study (WHIMS) showed statistically strong 
negative effects of an increased incidence of dementia (odds ratio, two-fold) 
during a randomized trial of equine estrogens plus medroxyprogesterone, with 
average exposure of four years (Shumaker et al. 2003). Most of the dementia 
was considered to be probable AD. The effect was equivalent to an increase 
of 23 cases of dementia/10, 000 women/ year. However, this study also clearly 
showed adverse cardiovascular effects that could be independent contributors to 
AD-type dementia, as discussed by Sparks et al. (2000). Many explanations are 
being considered: in brief, the necessity of prolonged replacement (Breitner and 
Zandi 2003); the special characteristics of women who voluntarily take estrogen 
and who tend to be highly educated and have high income, each of which is 
health promoting; but, also possible adverse effects of medroxyprogesterone, 
a synthetic progestin with adverse effects on neurons differing from natural 
progestins (Brinton and Nilsen 2003).

Discussions have also been held about possible benefits of ERT in PD, 
but much fewer data are available. Again, benefits are indicated by some 
observational studies of women taking ERT. In older PD patients, the following 
results were reported: ERT improved motor performance (Benedetti et al. 
1998; Saunders-Pullman et al. 1999); ERT improved cognition, but not motor 
performance (Thulin et al. 1998); and ERT improved cognition in PD, but did 
not lower the risk of PD (Marder et al. 1998). So far, no controlled trial has been 
reported. In premenopausal PD patients, one study found sharp increases of 
motor symptoms just before menstruation, when estrogen and progesterone are 
dropping sharply (Quinn and Marsden 1986), whereas a more detailed study 
did not find any consistent relationship between motor symptoms and cycle 
stage (Kompoliti et al. 2000). Rodent models clearly show that estrogens are 
neuroprotective for dopaminergic neurotoxicity (MPTP and kainate; Dluzen 
2000; Miller et al. 1998; Rostene et al. 2003).

It is fair to say that the divergent and perplexing findings on ERT imply a 
complex biology of estrogen’s effects on different neural pathways and on the 
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cerebro- and myocardial vascular systems. We suspect that several other factors 
are pertinent and have not been adequately considered: aging and the schedule 
of prior estrogen exposure.

Aging modifies brain responses to estrogen

Neuronal plasticity is modulated by estradiol in many brain systems. Synaptic 
sprouting in the hippocampus is induced by perforant path lesions, which are 
models for degeneration of this pathway during AD (reviewed in Stone et al. 
2000). In young adult rats (three months), ovariectomy decreased sprouting 
relative to intact or estradiol-replaced rats (Fig. 2). However, in middle-aged rats 
(18 months), sprouting was less and was not influenced by ovariectomy (Fig. 2). 
We are investigating the cellular basis for this age change using the “wounding-
in-a-dish” model of sprouting. Astrocytic GFAP (the intermediate filament) 
has a negative effect on sprouting that is reversed by estradiol treatment, which 
represses GFAP transcription (Rozovsky et al. 2002). We hypothesize that the 
elevation of GFAP expression that occurs during normal aging (Finch et al. 2002; 
Miller et al. 1998; Morgan et al. 1999; Nichols et al. 1993) is a factor in impaired 
sprouting. Astrocytes derived from middle-aged rat cortex support notably 
less neurite outgrowth in the presence of estradiol, which implicates aging in 
astrocytes as a factor in the impairments of estradiol-sensitive sprouting (Fig. 
2). Down regulation of GFAP by SiRNA restored the ability of aging astrocytes to 
support sprouting of E18 neurons (Rozovsky et al., manuscript in press). Further 
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Fig. 2. Aging decreases responsiveness of synaptic sprouting to estradiol (E2) in a rat model 
of AD (perforant path lesion-induced sprouting, as observed in AD; Stone et al. 2000). OVX, 
ovariectomized.



studies are needed to establish the consequences on neuronal functions of the 
general induction of GFAP in most brain regions during aging.

Other brain regions also show age impairments in the responses of neurons 
to estradiol. In the olfactory bulb, estradiol induced the neurotrophin receptor 
TrkA in young, but not in middle-aged, female rats (Jezierski and Sohrabji 2001; 
Fig. 3). Moreover, BDNF mRNA and protein were induced in the olfactory bulb 
and its forebrain afferent by estradiol in the young, but not in the middle-aged; 
in the latter, a decrease was observed (Jezierski and Sohrabji 2001). The age 
impairments in estradiol regulation of trk receptors could alter neurotrophin 
transport and signal transduction pathways. Besides these modulations of 
synaptic plasticity, estradiol is also recognized as neuroprotectant to MPTP 
in dopaminergic neurons (model of drug-induced Parkinsonism; Miller et al. 
1998; Rostene et al. 2003). In contrast to the neuroprotection to systemic MPTP 
shown in two-month-old mice, estradiol did not block the loss of dopamine 
in 24-month-old mice or the induction of GFAP (Miller et al. 1998; Fig. 4).  
These observations suggest that age changes in estradiol levels could reduce 
endogenous neuroprotection. Estrogens and estrogen receptor modulators are 
also neuroprotective to excitotoxins in glutamatergic neurons (O'Neill et al. 
2004). Thus, the diminishing levels of estradiol in the cerebrospinal fluid (CSF) 
after menopause (Murakami et al. 1999) could be important in the increased 
risk of neurodegeneration. AD patients have lower CSF estradiol than controls 
(Schonknecht et al. 2001). If the age change in estradiol neuroprotection extends 
to other brain regions, then age may bring a double jeopardy to neurons: 
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Fig. 3. Aging impairs the inducibility of Trk A in the olfactory bulb of the female rat (Jezierski and 
Sohrabji 2001).
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decreased endogenous neuroprotection by estradiol with further adverse effects 
from the reduced neuroprotection.

Estrogen exposure as a factor in aging of brain cells

The role of estrogen exposure in loss of estrogen responses during aging is 
indicated by studies on the neuroendocrinology of aging from two decades ago. 
Female rodents show a characteristic pattern of reproductive aging during their 
life spans of about 30 months (Fig. 5). (For general references on the following 
profile, see vom Saal et al. 1994; Wise et al. 1999; Gosden and Finch 2000). In 
rodents as in humans, the ovary has acquired its maximum store of oocytes and 
primary follicles before birth and no new oogenesis occurs during the rest of 
life. Oocyte depletion shows exponential decline from birth onwards, so that 
by puberty, about 50% of the original stock of oocytes is already lost. Fertility 
declines in rodents by eight months and in women after 30 years (long before 
the depletion of oocytes and hormone-producing follicles). Estrous cycles tend 
to become progressively longer and finally cease between 8 and 16 months. 
Nonetheless, the acyclic ovary has a substantial number of estrogen-secreting 
follicles that give a vaginal cytology described as “constant estrus.” The basis 
for this loss of cycles in rodents is hypothalamic, because total depletion of 
ovarian oocytes and follicles does not occur for several more months (Gosden 
et al. 1983). Reciprocal ovarian transplants in still-cycling 12- and 3-month-old 
mice show, at this intermediate stage of aging, impairments at both ovarian and 

Fig. 4. Aging impairs 
neuroprotection by estradiol 
(E2) to MPTP neurotoxicity, 
a model of drug-induced 
PD (Miller et al. 1998). DA, 
dopamine. GFAP, Glial 
Fibrillary Acidic Protein.



hypothalamic levels (Nelson et al. 1992). The hypothalamus shows a progressive 
loss of the preovulatory surge of gonadotrophins (LH, FSH), whether autogenous 
(in the presence of the aging animal’s ovaries) or induced in ovariectomized 
animals with standard treatment of estrogen and progesterone.

These major hypothalamic impairments are further documented by the 
failure of young ovarian grafts to restore estrus cycles (Finch et al. 1984). 
However, if young ovaries are given to middle-aged mice just before cycles have 
ceased, then cycles continue for many more months (Fig. 6). Our hypothesis is 
that the hypothalamus becomes desensitized during the lengthened cycles as 
constant estrus is approached. This phase is characterized by sustained levels 
of estradiol and very low levels of progesterone. Similar estrogen-dominated 
prolonged cycles are observed before menopause (Santoro et al. 1996; Fig. 7). To 
model this phase, we developed a noninvasive administration of oral estradiol 
(Kohama et al. 1989; Fig. 8). Time-dose studies showed that 12 weeks of low 
physiological levels of estrogen in young mice caused permanent neuroendocrine 

Fig. 5. Reproductive maturation and aging during the life span of inbred C57BL/6J  mice. Original 
figure by Caleb E. Finch summarizing vom Saal et al. (1994). PIT, pituitary.
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Fig. 6. Grafts of young ovaries 
to replace aging ovaries of 
middle-aged mice just before 
cycles have ceased allow 
regular ovulatory cycles 
to continue for many more 
months (Finch et al. 1984).

Fig. 7. Estrogen-dominated 
prolonged cycles are also 
observed before menopause 
(peri-MP; Santoro et al. 1996).
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impairments, so that the LH/FSH surge could no longer be induced; neither 
could grafting of young ovaries from control mice restore cyclicity (Kohama 
et al. 1989). With a shorter exposure for six weeks to low-dose estradiol, mice 
regained cycling but then ceased prematurely. We estimate that 3500 pg-day/ml 
plasma is sufficient to cause permanent hypothalamic desensitization, within 
boundary levels of approximately 10-30 pg estradiol/ml plasma.

Of course, these rodent model studies cannot be simply extrapolated to 
humans. Nonetheless, the irreversible effect of sustained physiological levels 
of estradiol on the hypothalamic regulation of LH/FSH provides a model for 
studying specific cellular targets of estrogen regulation, such as age-related 
changes in estrogen-mediated synaptic sprouting (Fig. 2), TrkA induction (Fig. 
3), and neuroprotection (Fig. 4).

References

Benedetti M, Bower J, Maraganore D, McDonnell S, Rocca W (1998) Postmenopausal estrogen 
replacement therapy and Parkinson's disease: a population based study in Olmstead 
County, Minnesota. Mov Disord 13(Suppl 2):51.

Breitner JC, Zandi PP (2003) Effects of estrogen plus progestin on risk of dementia [comment]. 
JAMA 290:1706-1707; author reply, 1707-1708.

Brinton RD, Nilsen J (2003) Effects of estrogen plus progestin on risk of dementia [comment]. 
JAMA 290:1706; author reply, 1707-1708.

de Rijk MC, Launer LJ, Berger K, Breteler MM, Dartigues JF, Baldereschi M, Fratiglioni L, Lobo 
A, Martinez-Lage J, Trenkwalder C, Hofman A (2000) Prevalence of Parkinson's disease 
in Europe: A collaborative study of population-based cohorts. Neurologic Diseases in the 
Elderly Research Group. Neurology 54:S21-S23.

Diamond SG, Markham CH, Hoehn MM, McDowell FH, Muenter MD (1990) An examination 
of male-female differences in progression and mortality of Parkinson's disease. 
Neurology 40:763-766.

Fig. 8. Oral estrogens yield low physiological levels of estrogen in young mice and cause permanent 
neuroendocrine impairments. Redrawn from Kohama et al. (1989).

222     C. Finch et al.



Dluzen DE (2000) Neuroprotective effects of estrogen upon the nigrostriatal dopaminergic 
system. J Neurocytol 29:387-399.

Finch CE, Felicio LS, Mobbs CV, Nelson JF (1984) Ovarian and steroidal influences on 
neuroendocrine aging processes in female rodents. Endocrine Rev 5:467-497.

Finch C, Morgan T, Rozovsky I, Xie Z, Weindruch R, Prolla T (2002). Microglia and aging 
in the brain. In: Streit W (ed) Microglia in the regenerating and degenerating central 
nervous system. New York: Springer-Verlag pp 275-305.

Gosden RG, Finch CE (2000) Definition and character of reproductive ageing. In: te Velde 
E, Pearson P, Broekmans F (eds) Female reproductive aging New York: Parthenon 
Publishing pp 11-26.

Gosden RG, Laing SC, Felicio LS, Nelson JF, Finch CE (1983) Imminent oocyte exhaustion and 
reduced follicular recruitment mark the transition to acyclicity in aging C57BL/6J mice. 
Biol Reprod 28:255-260.

Horstink MW, Strijks E, Dluzen DE (2003) Estrogen and Parkinson's disease. Adv Neurol 91:
107-14.

Jellinger KA, Mitter-Ferstl E (2003) The impact of cerebrovascular lesions in Alzheimer 
disease-a comparative autopsy study. J Neurol 250:1050-1055.

Jezierski MK, Sohrabji F (2001) Neurotrophin expression in the reproductively senescent 
forebrain is refractory to estrogen stimulation. Neurobiol Aging 22:309-219.

Kawas CH, Katzman R (1999) Epidemiology of dementia and Alzheimer disease. In: Morris J, 
Terry R, Katzman R, Bick K, Sisodia S (eds) Alzheimer disease. Philadelphia: Lippincott 
Williams & WiIlkins pp 95-116.

Kohama SG, Anderson CP, Osterburg HH, May PC, Finch CE (1989) Oral administration of 
estradiol to young C57BL/6J mice induces age-like neuroendocrine dysfunctions in the 
regulation of estrous cycles. Biol Reprod 41:227-232.

Kompoliti K, Comella CL, Jaglin JA, Leurgans S, Raman R, Goetz CG (2000) Menstrual-
related changes in motoric function in women with Parkinson's disease. Neurology 55:
1572-1575.

Kukull WA, Higdon R, Bowen JD, McCormick WC, Teri L, Schellenberg GD, van Belle G, Jolley 
L, Larson EB (2002) Dementia and Alzheimer disease incidence: a prospective cohort 
study. Arch Neurol 59:1737-1746.

Lamberts SW (2003) The endocrinology of gonadal involution: menopause and andropause. 
Ann Endocrinol 64:77-81.

Lott IT, Head E (2001) Down syndrome and Alzheimer's disease: a link between development 
and aging. Ment Retard Dev Disabil Res Rev 7:172-178.

Marder K, Tang MX, Alfaro B, Mejia H, Cote L, Jacobs D, Stern Y, Sano M, Mayeux R (1998) 
Postmenopausal estrogen use and Parkinson's disease with and without dementia. 
Neurology 50:1141-1143.

Mayeux R (2003) Epidemiology of neurodegeneration. Annu Rev Neurosci 26:81-104.
Mayeux R, Marder K, Cote LJ, Denaro J, Hemenegildo N, Mejia H, Tang MX, Lantigua R, 

Wilder D, Gurland B (1995) The frequency of idiopathic Parkinson's disease by age, ethnic 
group, and sex in northern Manhattan, 1988-1993[erratum appears in Am J Epidemiol 
1996 143(5):528]. Am J Epidemiol 142:820-827.

Miller DB, Ali SF, O'Callaghan JP, Laws SC (1998) The impact of gender and estrogen on 
striatal dopaminergic neurotoxicity. Ann NY Acad Sci 844:153-165.

Morgan TE, Xie Z, Goldsmith S, Yoshida T, Lanzrein AS, Stone D, Rozovsky I, Perry G, Smith 
MA, Finch CE (1999) The mosaic of brain glial hyperactivity during normal ageing and its 
attenuation by food restriction. Neuroscience 89:687-699.

Murakami K, Nakagawa T, Shozu M, Uchide K, Koike K, Inoue M (1999) Changes with aging 
of steroidal levels in the cerebrospinal f luid of women. Maturitas 33:71-80.

Nelson JF, Felicio LS, Osterburg HH, Finch CE (1992) Differential contributions of ovarian 
and extraovarian factors to age-related reductions in plasma estradiol and progesterone 
during the estrous cycle of C57BL/6J mice. Endocrinology 130:805-810.

Estrogens, Aging and Neurodegenerative Diseases     223



Nichols NR, Day JR, Laping NJ, Johnson SA, Finch CE (1993) GFAP mRNA increases with age 
in rat and human brain. Neurobiol Aging 14:421-429.

O'Neill K, Chen S, Brinton R (2004) Impact of the selective estrogen receptor modulator, 
raloxifene, on neuronal survival and outgrowth following toxic insults associated with 
aging and Alzheimer's disease. Exp Neurol. 185:63-80.

Paganini-Hill A, Henderson VW (1994) Estrogen deficiency and risk of Alzheimer's disease in 
women. Am J  Epidemiol 140:256-261.

Quinn NP, Marsden CD (1986) Menstrual-related fluctuations in Parkinson's disease. Mov 
Disord 1:85-87.

Ritchie K (1995) Mental status examination of an exceptional case of longevity J. C. aged 118 
years. Brit J Psych 166:229-235.

Rostene W, Callier S, D'astous M, Grandbois M, Lesaux M, Bedard P, Di Paolo T, Pelaprat 
D (2003) Sex steriods in normal and pathological aging: implication in dopaminergic 
neurodegeneration. Fondation IPSEN Symposium, abstract.

Rozovsky I, Wei M, Stone DJ, Zanjani H, Anderson CP, Morgan TE, Finch CE (2002) Estradiol 
(E2) enhances neurite outgrowth by repressing glial fibrillary acidic protein expression 
and reorganizing laminin. Endocrinology 143:636-646.

Rozovsky I, Wei M, Morgan TE, Finch CE (2004) Reversible age unpairments in neurite 
outgrowth by manipulations of astrocytic GFAP. Neurobiol Aging (in press).

Santoro N, Brown JR, Adel T, Skurnick JH (1996) Characterization of reproductive hormonal 
dynamics in the perimenopause. J Clin Endocrinol Metabol 81:1495-1501.

Saunders-Pullman R, Gordon-Elliott J, Parides M, Fahn S, Saunders HR, Bressman S (1999) 
The effect of estrogen replacement on early Parkinson's disease. Neurology 52:1417-1421.

Schonknecht P, Pantel J, Klinga K, Jensen M, Hartmann T, Salbach B, Schroder J (2001) 
Reduced cerebrospinal fluid estradiol levels are associated with increased beta-amyloid 
levels in female patients with Alzheimer's disease. Neurosci Lett 307:122-124.

Schupf N, Kapell D, Nightingale B, Rodriguez A, Tycko B, Mayeux R (1998) Earlier onset of 
Alzheimer's disease in men with Down syndrome. Neurology 50:991-995.

Schupf N, Pang D, Patel BN, Silverman W, Schubert R, Lai F, Kline JK, Stern Y, Ferin M, Tycko 
B, Mayeux R (2003) Onset of dementia is associated with age at menopause in women with 
Down's syndrome. Ann Neurol 54:433-438.

Sherwin BB (2002) Estrogen and cognitive aging in women. Trends Pharmacol Sci 23:527-34.
Shumaker SA, Legault C, Rapp SR, Thal L, Wallace RB, Ockene JK, Hendrix SL, Jones BN, 3rd, 

Assaf AR, Jackson RD, Kotchen JM, Wassertheil-Smoller S, Wactawski-Wende J, Whims 
Investigators (2003) Estrogen plus progestin and the incidence of dementia and mild 
cognitive impairment in postmenopausal women: the Women's Health Initiative Memory 
Study: a randomized controlled trial [see comment]. JAMA 289:2651-2662.

Sparks DL, Martin TA, Gross DR, Hunsaker JC, 3rd (2000) Link between heart disease, 
cholesterol, and Alzheimer's disease: a review. Microsc Res Tech 50:287-290.

Stone DJ, Rozovsky I, Morgan TE, Anderson CP, Lopez LM, Shick J, Finch CE (2000) Effects 
of age on gene expression during estrogen-induced synaptic sprouting in the female rat. 
Exp Neurol 165:46-57.

Suthers K, Kim JK, Crimmins E (2003) Life expectancy with cognitive impairment in the older 
population of the United States. J Gerontol B Psychol Sci Soc Sci. 58:S179-S186.

Tanner C, Hubble J, Chan P (1997) Epidemiology and genetics of Parkinson's disease. In; 
Watts R, Koller, W (eds) Movement disorders: neurologic principles and practice.. New 
York: McGraw-Hill, pp 137-152.

Thulin PC, Filoteo V, Roberts JW, O'Brien SA (1998) Effects of hormone replacement therapy 
on cognitive and motor function in women with Parkinson's disease. Neurology 50:
A280.

Van Den Eeden SK, Tanner CM, Bernstein AL, Fross RD, Leimpeter A, Bloch DA, Nelson LM 
(2003) Incidence of Parkinson's disease: variation by age, gender, and race/ethnicity. Am 
J Epidemiol 157:1015-1022.

224     C. Finch et al.



vom Saal F, CE F, Nelson J (1994). Natural history of reproductive aging in humans, laboratory 
rodents, and selected other vertebrates. In: Knobil E (ed) The physiology of reproduction 
New York: Raven Press, pp 1213-1214

Wise PM (2002) Estrogens and neuroprotection. Trends Endocrinol Metab 13:229-230.
Wise PM, Smith MJ, Dubal DB, Wilson ME, Krajnak KM, Rosewell KL (1999) Neuroendocrine 

influences and repercussions of the menopause. Endocrinol Rev 20:243-248.

Estrogens, Aging and Neurodegenerative Diseases     225


